Biochemical mutants were obtained from Micromonospora chalcea, M. purpurea, and M. echinospora by using ultraviolet radiation or nitrosoguanidine. Crosses carried out between complementary nutritional mutants of the same species showed positive genetic interaction. Data are reported which indicate that the interaction between the crossed strains is due to genetic recombination. No evidence for interspecific genetic recombination was found.
The genus Micromonospora belongs to a distinctive group of filamentous bacteria, the Actinomycetes, and includes several species important as antibiotic producers (4, 9) . The importance of actinomycetes as antibiotic-producing microorganisms has stimulated intensive genetic studies in the last 15 years, especially in Streptomyces (7) . Evidence for genetic recombination among the actinomycetes was first reported for the genus Streptomyces (8) ; genetic recombination has also been found in the genus Nocardia (1). This investigation is concerned with the genetics of Micromonospora purpurea, M. echinospora, and M. chalcea; the first two species produce the antibiotics of the gentamicin complex (10) . The data presented here show the occurrence of genetic recombination in those three species. Attempts to show genetic interaction in crosses between mutants belonging to different species of Micromonospora were not successful.
MATERIALS AND METHODS
Strains. The strains used are listed in Table 1 . Media. The complete medium PS (6) was used for the platings, the crossing experiments, and the maintenance of strains; M40, a minimal medium (5), was used for the crosses and as a selective medium.
Isolation of mutants. Biochemical mutants (Table 1) were induced by ultraviolet radiation by a technique fully reported elsewhere (6) or by nitrosoguanidine (2) . In the first technique, a suspension containing about 107 conidia per ml was irradiated to a survival of 10-2 to 1-' conidia per ml. The irradiated conidia were seeded on PS agar plates; after 6 to 10 days at 35 C, the colonies were replicated for the isolation of biochemical mutants. In the second procedure, about 107 spores were inoculated in 10 ml of liquid PS and grown overnight at 35 C. The fresh mycelium was washed twice with tris(hydroxymethyl)aminomethane maleate buffer (pH 5.8) and resuspended in the same buffer containing nitrosoguanidine at the final concentration of 100 ug/ml. After 40 min of incubation at 35 C, the mycelium was washed with 10 ml of PS medium, resuspended in the same volume of PS, and incubated for about 24 hr at 35 C. Dilutions of the suspension giving between 50 and 100 colonies per plate were seeded on PS agar. After 6 to 10 days at 35 C, the colonies were replicated for the isolation of biochemical mutants.
Crossing techniques. Two different crossing procedures were used. In a procedure fully described elsewhere (5), drops of spore suspension of one strain were placed on an agar plate and allowed to dry; a drop of suspension of the other strain was then placed on the plate, ensuring a slight overlap of the two drops. This procedure will be referred to as the "overlapping drops" technique. In parallel, plates with drops of spore suspension of only one strain were prepared as controls. After about I week of growth at 35 C, spores were harvested and plated on selective media. With the other crossing technique, suspensions of spores of the two strains to be crossed at a concentration of about 108/ml were mixed and plated on a membrane filter (Millipore Corp., Malakoff, France) placed on an agar plate. After about I week, the spores were harvested from the filter and placed on selective media. With these organisms, it is very difficult to prepare spore suspensions free of mycelial fragments, especially with poorly sporulating mutants; in fact, the spore suspension we used contained between 5 and 20% mycelial fragments.
RESULTS
Crosses between biochemical mutants of M. chalcea. Triple auxotrophic mutants of M. chalcea were crossed on solid minimal medium, supplemented with the required growth factors (20 ,ug/ml), by using the "overlapping drops" technique. After about a week of incubation at 35 C, spores from the crosses were harvested and plated on selective media. Data from a cross between strains M11751 his ura thr x M11852 ilv ad arg are reported in Table 2 Abbreviations: ade, adenine; arg, arginine; cys, cysteine; his, histidine; ilv, isoleucine + valine; leu, leucine; lys, lysine; met, methionine; phe, phenylalanine; ura, uracil. strongly against the hypothesis of a reversion process. In fact, the frequencies of recombinants are much higher than the frequencies of revertants for single markers in the parental strains (Table 2 ). To establish whether the observed interaction in the cross was due to genetic recombination or to heterokaryosis, or to both, 183 colonies grown on different selective media were tested for phenotype (Table 3) . Some of the recombinants tested for phenotype were also analyzed for segregation in the following way. Single colonies of each recombinant were isolated on complete medium, and two or three of these were examined for phenotype. The variety of phenotypes obtained ( Crosses between biochemical mutants of M. echinospora. Crosses on complete medium between diauxotroph mutants were done by using the membrane filter technique. Spores from the crosses were plated on different selective media. The results of two crosses for which the selection was performed only for prototrophic colonies are shown in Table 6 (upper portion). The data of another cross for which the selection of recombinants was done on different selective media are shown in the lower portion of aTwo or three colonies of each. phenotype. The colonies picked up from the selective medium were first reisolated on the same medium; a colony from each isolation was then streaked on complete medium to obtain isolated colonies, and finally three of these isolated colonies for each recombinant were tested for phenotype (Table 7) . The different phenotypes shown by the tested colonies indicate that the interaction between the crossed strains is due to genetic recombination. Furthermore, the tested prototrophs showed no segregation of parental types, arguing against the hypothesis that the One modification of the "membrane filter" technique was as follows. Spores of the two strains to be crossed were mixed and plated on a membrane filter lying on a plate with complete medium. After 2 days, the membrane filter was removed and transferred to a new plate; the transfer was repeated daily. After a total of 5 days, spores and mycelial fragments were picked from the membrane filter and plated on selective media. This procedure, which permits dilution in the crossing media of the inhibiting antibiotics, was used in most of the interspecific crosses. Crosses were done between M. purpurea and M. chalcea, M. echinospora and M. chalcea, and M. echinospora and M. purpurea, with more than one strain used for each species. Many of the crosses were repeated under different conditions. The results did not give evidence of genetic interaction between strains of different species.
DISCUSSION
The data reported show that the interaction found in crosses between biochemical mutants from the same species of Micromonospora (M. 
